Introduction
Severe ischemic brain damage belongs to a disease type of cerebral infarction and is a global health problem (1) . According to statistics, patients with this disease often suffer limb paralysis, fall into a coma or even die. Its mortality rate is 20-35%, and the morbidity rate and recurrence rate are also very high (2, 3) . At present, the main drugs for the treatment of ischemic brain injury are glutamate receptor antagonists, calcium channel blockers, free radical scavengers, anti-inflammatory and anti-apoptotic drugs (4, 5) . Although the relevant study has made significant progress in many key mechanisms and processes of injury, clinical trials of neurological protection in patients with ischemic brain injury bring little effect (6) . Over the past few years, it was found that the neuroprotective drug monosialotetrahexosyl ganglioside (GM1) promotes growth and repair the neurological impairment. As reported, the exogenous GM1 has been used to promote the nervous system cell regeneration and synapse formation (7, 8) . However, the role of GM1 in patients with severe ischemic brain injury is rarely reported. This study focused on the systematic evaluation of the curative effect of GM1 in the treatment of patients with severe ischemic brain injury.
Materials and methods

Data of patients.
A total of 60 patients with severe ischemic brain injury who were admitted to the Department of Emergency Medicine of Jining Hospital (Jining, China) from June 2014 to March 2016 were selected, and they were diagnosed by head computed tomography (CT) and magnetic resonance imaging (MRI) and received routine laboratory tests (such as erythrocyte sedimentation rate, white blood cell count, urine detection), which are in line with the relevant diagnostic criteria formulated in the Fourth National Cerebrovascular Disease Conference. Under the condition that patients or their family members signed the informed consent, patients were randomly divided into the control group (n=30) Experimental grouping. Patients in the control group received routine anti-infection and dehydration treatments to reduce intracranial pressure and symptomatic and supportive treatments were provided, thus preventing complications. Patients in the experimental group were treated with intravenous infusion of GM1 (Sai Dian; National Medicine Permission no. H20093980; 2 ml each one; Beijing Science Sun Pharmaceutical Co., Ltd., Beijing, China) with 2 ml each time and once a day for 14 days on the basis of routine treatments.
Observational indexes
Detection of biochemical indexes. Ten milliliters whole blood of each patient was taken intravenously before and after treatment. The blood was coagulated at room temperature for 1 h. After centrifugation, the serum was stored at 80˚C, and the statistical monitoring was conducted for all samples after collection. Serum tumor necrosis factor-α (TNF-α) was measured by horseradish peroxidase-labeled sandwich immunoassay. In short, antibodies against TNF-α (75 kDa) were coated in each well of a 96-well plate and incubated after the addition of an appropriate amount of serum. The content of enzyme and enzyme-bound TNF-α was determined using tetramethyl-benzidine as the substrate. The optical density (OD) values at the dual wavelengths of 450 and 600 nm were measured under the microplate reader, and the sample concentration was calculated.
The experimental methods of Gao et al were used for reference (9) . The content of superoxide dismutase (SOD) was determined by xanthine oxidase assay, and the content of malondialdehyde (MDA) was detected by the thiobarbituric acid method.
Observations of haemodynamics. The Medesonic Transpect thermal conductivity detector (TCD) produced in the US was applied. Two megahertz pulsed Doppler ultrasonography was used to detect peak velocity (Vp) and mean velocity (Vm) from the temporal window at the depth of 50-65 mm, and the symmetry [peak velocity difference (DVp) and mean velocity difference (DVm)] of both sides were observed.
Evaluation of clinical curative effects. Study methods of Daousi et al were used for reference for neurological deficit score (NDS) (10) . The evaluation criteria for the curative effect are based on the relevant criteria formulated in the Fourth National Cerebrovascular Disease Conference (11) , and judgments were made combined with clinical symptoms and signs of patients. Total effective rate = obviously effective rate + effective rate.
Statistical methods. The results were analyzed using GraphPad Prism software Version 5.01 (GraphPad Software, San Diego, Chile). Measurement data are expressed as mean ± SD, and differences between indexes were detected using the paired t-test. Count data were detected by the χ 2 test. Pearson's correlation coefficient was used to analyze the correlation between TNF-α and NDS. P<0.05 was considered to indicate a statistically significant difference.
Results
Detection of the expression level of serum TNF-α by the enzyme-linked immunosorbent assay (ELISA).
As shown in Fig. 1 , the serum TNF-α content in the experimental group was 25.89±9.157 ng/l after two weeks of GM1 treatment, while the serum TNF-α content in the control group was 55.83±11.71 ng/l, which was significantly higher than that in the experimental group (P<0.05). Table I , the difference in the NDS between the experimental group and the control group was not statistically significant before the experiment (P>0.05). The NDS was 25.54±5.83 in the control group and 16.34±8.41 in the experimental group after treatment, which was significantly lower than that in the control group (P<0.05).
NDS. As shown in
Correlation between the expression level of TNF-α and NDS.
Pearson's correlation coefficient (Fig. 2) showed that the content of TNF-α in the patients was positively correlated with the NDS (r=4.321, P<0.05).
Contents of serum MDA and SOD in two groups of patients.
As shown in Table II , the contents of serum MDA and SOD in two groups of patients were not statistically different before the experiment (P>0.05). The content of serum MDA of patient in the experimental group was lower than that in the control group, while the content of SOD was significantly higher than that in the control group after treatment (P<0.05).
Changes in hemodynamic parameters before and after GM1 treatment. After GM1 treatment, the Vp and Vm in the blood of patients in the experimental group were significantly increased compared with those in the control group (P<0.05), while the DVp and DVm in the experimental group were significantly decreased compared with those in the control group (P<0.05) ( Table III) .
Comparison of the clinical recovery time between two groups of patients.
Main clinical manifestations of patients with severe ischemic brain injury are disturbance of consciousness and abnormalities in muscle tension and original reflexes and with the alleviation of the disease, these symptoms will also improve. Results of this study (Table IV) revealed that the reflex recovery time, muscle tension recovery time and consciousness recovery time in the experimental group were significantly shorter than those in the control group (P<0.05), and the differences were statistically significant (P<0.05).
Comparison of the clinical curative effect between two groups of patients. After 2 months of treatment, the total effective rate of patients in the control group was 66.67% and that of patients in the experimental group was 87.18%. The results (Table V) showed that the clinical curative effect of the experimental group was better than that of the control group (P<0.05). .01 compared with those in the control group. GM1, monosialotetrahexosylganglioside; SD, standard deviation; SD, standard deviation; mm/sec, millimeter per seconds.
Discussion
A pathological study has shown that ischemic injury can lead to different types of neuronal cell primary and necrotic cell death (11) . The hippocampal CA1 pyramidal neuron is found to be the most vulnerable and most common injury, which is often the leading cause of memory impairment in patients (12, 13) , and the cerebellar Purkinje cell injury leads to torso ataxia of patients (14) . With the prolongation of ischemic time, the pyramidal cell layer, mitral neurons and striatum neurons of the thalamus are damaged to varying degrees (15, 16) . In this study, the NDS of patients was significantly decreased after GM1 treatment, and the reflex recovery time, muscle tension recovery time and consciousness recovery time were significantly shorter than those in the control group, which suggested that GM1 significantly protects the nervous system of patients with severe cerebral ischemic injury.
Under normal physiological conditions, oxygen free radicals (oxygen free radicals, H 2 O 2 and OH) in the cells are produced in the cytoplasm and mitochondria, and then are rapidly removed under the action of endogenous anti-oxidants (SOD) (17) . During the hypoxia-ischemia, the amount of generated oxygen free radicals is more than the nervous system can protect, so they cause brain injuries by attacking polyunsaturated fats. If oxygen free radicals cannot be removed in time, they will cause lipid peroxidation, thus leading to the formation of lipid peroxides (MDA) so as to further damage brain tissues (18) . In the present study, it was found that GM1 significantly increased the level of SOD in patients while reducing MDA content, indicating that GM1 can restore the balance of oxygen free radical reaction and lipid peroxidation in patients.
Inflammatory mediators play a key role in the pathogenesis of severe ischemic brain injury (19, 20) . TNF-α is a proinflammatory cytokine. In previous studies, TNF-α messenger ribonucleic acid (mRNA) has been confirmed to be expressed in the brain at 1-4 h after hypoxia-ischemia. TNF-α at high concentration causes neuronal apoptosis by mediating the caspase-8 pathway, but reducing TNF-α receptors can decrease neuronal injuries (21, 22) . The inhibition of TNF-α is beneficial in maintaining neurological function and protecting nerve cells from neurotoxicity. Consistent with these findings, the results of this study showed that the level of serum TNF-α in the experimental group was significantly decreased compared with that in the control group and was positively correlated with the NDS, suggesting that GM1 inhibits the expression of TNF-α and alleviates the neurological function of ischemic brain injury, and TNF-α is also a clinical index to evaluate the neurological function of patients with ischemic brain injury.
In conclusion, this study revealed that good clinical benefits were achieved using GM1 in the treatment of severe ischemic brain injury. Other studies have shown that GM1 inhibits TNF-α level in patients, reduces systematic NDS, improves patient blood flow, regulates the balance of oxygen free radical responses and lipid peroxidation in patients and significantly shortens the clinical recovery time of patients.
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